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SUMMARY

T%e purpose of this test was to compare sti weU-knoum airfoils, the R. A. F. 16, U. S. A. 5,
l?. S. A. 27, LT.8. A. 35–B, Clark Y, and Gottingen 387, jitted to the Sperry Xessenger model,
atfull scale Reynolds Number as obtained in the variable density m“nd tunnel of the National Advi-
soy Committee for Aeronautics; and -to determine the scale e~ect on the model equipped with all the
details of the actual airplane. The results show a large decrease in mininwm drag coe~cient upon
increasing the Reynolds Number from about one-t~entieth scale to full scale. Maximum lift coe@-
eient was increased u%% increasing scale for all thl airfoils ezcept the Gtittingen 387, for wh:ick it
was slightly decreased. A comparison is made between the rewk of these tests and those obtained
from tests made in this tunnel on ai~oils alone.

INTROI)UCTIOA’

This test was made to compare six well-known airfoik, the R. A. l?. 1.5,U. S. A. 5, U. S. A. 27,
U. S. A. 35-B, Clark Y, a~d Gottingen 3s7, fitted to the Sperry Messenger model, at full-scale
Reynolds h~umber as obtained in the -rariable density wind tunnel of the National Ad-i%ory
Committee for Aeronautics. The scale effect cm the model equipped with all the details of the
actual airpkne was detenntied. Previous tests on this model conducted in the same tunnel ha-re
already been reported (Reference 1). The tests ~ere made at the request of the Army Air
Corps.

THE TEST

.4 one-tenth scak model, reproducing all the details of external construction which could
be considered as contributing drag, was tested at tank pressures of one and of t~enty atruos-
pheres for the model equipped with each set of -wings. By “ tank pressure” is meant the pressure
of the air within Lhe steal shell of the tunnel. This is used as the simplest means of indicating
the scale of the test. Thus a tank pressure of twenty atmospheres means that the Reynolds
&Tumber of the test is approximately twenty times as great as that of a one atmosphere test of
the same model in this tunnel.

In addition, the model fitted with U. S. A. 5 wings -was equipped with a propeller, made
very accurately to scaIe, which was mounted on a bearing hatig lit,tle frktio~ and alIowed

to turn as a windmill. This combination was tested at. five tank pressures ranging from one
to twenty atmospheres to determime the effeck of the propeller.

A photograph and dimem~ioned drawing of the model will be found in Figures 1 and 2, respec-
tively. The small streandined object suspeuded beneath the fuselage in Figure 2 was used to
represent the traling-bomb type fight path recorder used in the flighk tests of the airplane.
Figure 3 is a photograph of hhe model in position for test. The fuselage is made of mahogany
with metal fittings. The empennage is of brass and the wings are of dural, with steel struts.
The dimensions of the biplane c.elIuIe are the same for all sets of wings. As w-ill be seen from
tihe drawing, the angle of incidence is + 2°, while that of the stabilizer is +- 1~. These angles
were used for all sets of wings, the elevat.ors remaining neutra.L

A description of the tunnel and its balance mechanism will be found in Refere~ce 2. The
model was mounted in a manner similar to that used in the pretious tests described in Reference
1. Two airplane streamline wires of sufEcient stiffness to support ihe model were attached to -—
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the lower tig at. the quarter-chord poink and fixed atztheir Iower end to the bakmce ring. A
skid pivoting in the after part- of the fuselage &N attached to the vertical bar by which the. angle
of attack w-as changed. ‘This set-up differed from that described in Reference 1 only in that
faired shields were used over the stremnhne wires to within approximateI-y 10 inches of the
modeI to reduce the wire drag.

RESULTS AND DISCUSSION

The results of the tests, with drag coefficient and ang~e of attack corrected for tunneI-wall
interference by the Prandtl formulas (Reference 3), w-iH be found in Tables 1 to XVII.. Thy

.. ..-

F1~:.3.—Themodelinthevariableder.sitywindtunnel

moment coefficients taken about the center of gra-i-it~ of the airpla~e are given as measured.
No correction for the effect of tunneI walk upon the moment was made.

The curves of CD and (7,. plotted againsh CL as an odinate are given in ~kure~ ~ to 11.

The value of the zmgIes spotted on the pokr cur-res is that. measured in the tunnel and is not
corrected for tunnel-wall effect. For the corresponding angIes in free air, refer to the tabuIated
data. The curves for the model fitted with U. S. A. 5 wings and propeller are shown for five
tank pressures im Figure 4. The spacing of these curves shows that. the scale effeck is large at
the Iower Reynolds hTurubers, particularly that on minimum drag coefficient. There is very
little dfierence between the drag coefficient at 10 and at 20 atmospheres.. Figures 5 and 6 are
from the 1 and 20 atmosphere tests, respecti~ely, each showing the cur-res for the model with
and vritho ut propeller. The mtio between minimum drag with and \;ithout propeller seems to
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.

be about the same regardless of scale. In these tesX5 the propeller was running practically at
condition of zero torque, since the bearing friction was very slight. In Figures 6 to 1I are

plotted the results from the 1 and the 20 atmosphere tests for each set of wings. In every case
there is a large reduction in drag coefficient with increased Reynolds Number. All the airfoils
except the Gottingen 387 show also a considerable increase in maximum lift for the runs at 20
atmospheres.

In Figures 12 to 19 lift coefficient, drag coefficient, and. lift-drag ratio are plotted against
the angles of attack measured in the tunnel. As explained above the corresponding angles for
free air will be fowd in the tables. These figures .show that the scale effec~ on h lff t-~~a~

ratio is Iarge and practically the same for all the airfoils. The maximum L/.D averages about
8 for the 20-atnlosphere and about 6.5 for the l-atmosphere kests.
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FIG. zO.—Curves of power required by SfxxrS’ Messenger airplane. Tests at 20atmospheres

The curves of power required are plotted against speed in miles per hour in Figure 20. The
tests at 20 atmospheres, corrected for tunnel wall, were used in computing this data, On
account of the large difference in landing speed with the various airfoils it is difllculi to make
any direct comparison of merit. The Clark Y, U. S. A. 35–B, and U. S. A. 27 aH combino low
power over most of the range with comparatively low Ianding speed. The U. S. A. 5 and
R. .4, 1?. 15, while showing lower power over most of the flying range, have considerably higher
landing speeds. The curve for the U. S. A. 5 with propeller is also plotted for comp~rison.
The Gottingen 387 shows very large power consumption and comparatively high landing
speed, and is evidently the poorest airfoil of the group.

.4 summmy of the data from these tests is given in Table XVIII. Since the actual power
curves are given in Figure 20, no figures of merit involving power were computed. The valI.Ies
of maximum L[D and the ratio of m.aximurn CL to minimum CD are given as being of some
interest for comparison. The order of merit of the.sections based on these items is given in
Table XIX for both the l-atmosphere and the 20-atmosphere tests. The order for the

airfoils alone, taken from variable” density tunnel tests (Reference 4) are also
table. It will be seen that the order obtained from the 20-atmosphere airfoil
minor exceptions, the same as that from the 20-atmosphere Sperry model tests.

m

given in this

tests is} with

On the other
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hand, the one-atmosphere tests, both of airfoik and model, me very misleading when compared
with the model tests at, full-scale Re.yuolds ~~umber.

LANGLEY MEMORIAL .&EEOXAUTICAL LABORATORY,
hTATIOX~m ~DVISORY COMMITTEE FoR .kmto~~~mms,

LANGLEY FIELD, T7A., January 20, 19g7.

REFERENCES

1. 31 ETNK, MAX M., and DIEHL, WALTER S. The .&r Forces on a Model of the Sperry
X f essenger Airplane Without PropelIer. N. ~. C. A. Tec.hrcical Report No. 225, 1925.

?. lluNK, MAX M., and MILLER, ELTON W. ‘The Variable Density Wind Tunnel of the

NTational Advisov Committee for Aeronautics. N. & C. A. ~echnical Report hTo. 227, 19!26.
3. PRANDTL, IA ~pplieation of Modern Hydrod~amics to Aeronautics. N. A. C. A.

Technic.aI Report No. 116, 1921.
4. MUN-K, MAX M., and MILLER, lZLTON W. The ~erodymimic Characteristics of ~even

Frequently Used Wing Sections at Full Reynolds Number. N. A. Cl. A. Technical Report NTO.

Sperry Messenger.
U. S. A. 5 wings without. propeller.
Av. tank pres. = 1 atm.
Av. dynamic pres., q=2SL4 kg/ma.
Av. ReynoMs N’umber = 173,000.
Av. temperature=24° C.

TABLE I
Span=24 in. (61.CI em).
Chord= 4.S in. (12.2 cm).
Aspect ratio=5.
Ares= 0.1377 mx.
Date, October 1, 1925.

I
–9 –0: ;:; I + O. 1245 ~ –L61 [ +11094 –9. 11 :
–6 . 0!313 I 043 –6. 00
–3 +. 184 [ . 0~46 ~ +;.47 : :); –2. 90 ;
–L5 .275 . O/f32 3.92 —L 35

o .371 \ .0735 I 5.05 t –: 004 +.20 ;
+1.5 .463 ~ .0790 i 5.86 [ +. 014 ! L 75

3 .546 0S85 ~ 6.17 .005 3.29 !
45 64S ~ : 099~ i 6.49 .000 485 ~
6 “ 734 IHO ~ 6.61 —. 13’2~ I 6.40 ~

:906 ~ : 1455 ! 6.23 030 ~ 9.49
1; L 046 1861 t 5.62 ~ =: 060 ~ ’12.56 !
15 L 133 ~ : 2476 ~ 4. 5s :;;: I

L 194 . 3503 , 3-41 . G :;: I5! L 160 ~ . 456S ~ 2.54 —. 190 [ 21:63 I

T.\BLE II
Sperry Messenger. Span=24 in. (61.0 cm).
U. S. A.. 5 wings without propeller. Chord=4.S in. (12.2 cm).
.4v. tank pres. =20.3 atm. Aspect ratio=5.
AT. dynamic pres., g= 624 kgfmz. Area= O.1377 mz.
A\.. Reynolds Number= 3,390,000. Date, October 1, 1925.
Av. temperature=39° C.

~Angle 0[ attack,
degrees a

–6
–3
—L 5

+:. 5
3
4.5
6“

1:
15

Lift coefEcient
CL

+ 0.007
.184
.280
.379
.475
.563

1.220

Carm;ted

+ O. 06&2
. 04s0
.0476
. 051s
.0592
.0680
.0796
.0941
. l~60
- 16S9
.2261
.3076
.4093

L{D

-+0. 11
3.83
5.88
7.32
s. 02
s. 28
&28
7.99
7.43
6.52
5.46
4.16
2.98

Moment ccefTi-
Cient Cx

+0. 014
.000

–. 001
—. 00s
—. 016
–. 026
–. 036
–. 049
–. 071
–. 089
–. 145
—. 214
–. 244

:orrected angIe
f atkwk, degraa

–6
–2. 90
–L35
+.20

1.76
3.30
4. S6
6.41
9.50

12.59
15.67
1% 69
21.66

.-

—.=..-—

--

. ..’.

.

. ~=..-
-——

.

-.

.=-
-—

—

.==
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TABLE 111
Sperry Messenger.
U.S.A. 5wingsn-ith propeUer.

Span= 24 in. (61.Ocm).
Chord= 4.8 in. (12.2 cm).

Av. tank roes. =1 atm. A.meet ratio =5.
&v. dynamic pres. q=2?7.4kg/mg.
.&v. Reynolds hTumber=166,000.
Av. temperature=26° C.

Arja=O.1377 mi.
Date, 0ctober5, 1925.

L[D Mouggt &em-

–-i 39 + 0.050
~;: +. 007

–. 004
“3: 57 –. 002
..? j: –. 013

–. 011
5.74 –. 013
“6. 08 –. 013

‘~. 16 –-. 049
p4: –. 049

–. 064
..<46 –. 109
:3.. 4(I –. 135
2:56 –. 177

. ~—.. . .__—
.kngle of attack,

, degrees=.
Lift y$fficient COrr&ed Corrected angle !

if attack, degrws,
I

+0. 1327
.. 0962

.0804

.0789

.0827

. 08s6
0960

:1072
.1197

1502
. . :1955

.2577

.3511
. . 4536

– 9.10
–5. 99
–2. 90
–1. 35

;. ;:

3:30

I

::
–3
–1.5

+! 5

– o.
+.

184
013
1s9
282
375
472

i

551
652
737
911
061
150

4.85
6.40
9.49

12.57
15.62
1S. 64

I
193
161 21.63

I

TABLE IV
Sperry Messenger.
lJ. S. A. 5wingswith prope11er.

Span=24 in. (61.0 cm).
Chord= 4.8 in. (12.2 cm)

Av. tank pres. =2.51 atm. Aspect ratio =5.
Av. dynamic pres. Q= 69.9 Iig/mg. Area=O.137i m!.
Av. Reynolds -Number= 417,000. Date, October 5, 1925.
Av. temperature=30° C.

r

b.gle of attack,

– 3

degrees a

C“=;;’ed A ‘ liattwkde”ee

Mon&ytt c&E- Carrected snsfa

–9
–6
–3
–1.5

+!. 5

4.5
6

1;
15

x

–o. 171
+. 014

.189

.283

.380

.467

.560

.664

.753

1: R
1.183
1.219
1.201

.
–1..-39

~ ~:

3:99
5.08
.$.80
i.?.32
6. 4s
6..”68 i
.$.36
.5.78
4.76
3.52
‘2. 71

04i
005
010
023
029
022

–9. 09
–5. 99
– 2.90
– L 35

+. 20
1.75
3.30
4.86
6.41
9.50

12. 5s

+ 0.1227
.0916
.0737
.0709
.0748
.0804
.0884
.1025
.1127
.1461
.1871
.2485
.3463
.4433

—.
—.
—.
—.
—,
—.
—.
—.
—.
—.
—.
—.

029
046
045
0s3
059
133
195
206

15.64
18.66
21.65

——.=—.-— ! –2
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T.iBLE V

Sperry Messenger.
U. S. A., 5 wings, with propeller.
Av. tank pres. =5.11 atrn.
.%v. dynamic pres. q= 143.2kg/m2.
.Iv.Reynolds Xumber=S67,000.
A\-. temperature= 29° C.

!
Angle of attack

I
degrees a

I

–3
—1.5

t o
I +1.5

3
45

[ 6

1!
15
18
-1.>

I

Lfft e&cient Cor&ted
~,

– 0.174
+. 007

. 1s7

. 2s7

.379

.473

. 55s

.660

.751
933

i 09s
L ~lo
L 23’2
1.221

+0. 113s
. 0S06
.0632
.0620
.0654
.0723
. 0s03
- ~~g
. 106*
. 13s5
. 1s30
.2106
.3352
. 4;71

L[D

5. so
6.54
6.95
7. 10
7. 06
6.74
6-00
5.03
3.67
2.73

TABLE YI

———
Lngfe of attack, Lift ece&ent

degrees e

–6 +0. 007
–3
–1.5 I . g;

o .376
+1.5 .479
3 .564
4.5 .664
6

J I ::~

i

1.115
15 L 213
1s L 243
21 1. 2ZS

f
Cmr~:fed I LfD

I
+ 0.0737

.0569

.0550

.0586

.0653

.0742

. 0S65

.1016

.1335

+ 0.09
3.20
5.11
6.42
~. ~g
7.60
7. 6S
7.50
7. 04

.1772 6.29

.2371 5.11

.3242 3. S3

.4351 2. g~

MOmenL eoeEK-
eient CM

+0. 030
–. 001
–. 015
—. 023
–. 016
–. 012
–. 014
–. 012
—., 035
-- 04s
—. 076
–. 132
–. 191
–. 235

Span=24 in. (61.0 cm).
Chord= 4.8 in. (12.2 cm).
.bpeet ratio=s.

Area=O.1377 mz.
Date, O“ctober 6, 1925.

●

Corrected angIe
f attack, degrees,

I
..”-— —

:=.

--_—

. .

~
–o. 005 –6 ;

–. 021 ; –.290 ,
–. 020 –L35 ;
–. 034 ! +. 20 ;
–. 030 : L 76 ~
– 02s ; 3-30 ,
–. 055 , 4. S6 ,
—. 070 6.41 ,
–. 069 ; 9.51 ~
—- 113 12.60 ~
—. 162 : 15.65
—. 207 18.67

!

–- 263 ; 21.66 :

,.=. —
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TABLE VII

Sperry Messenger.
U. S. A. 5 wkms with nro~eller.
A.v. tank pres.~ 20.35 >t&.w
Av. dynamic pres. q= 607 kg/mz.
Av. Reynolds Number= 3,210,000.
Av. temperature=49° C.

Aspect ratio=5; ‘
Area= O.1377 mx.
Date, October 6, 1925.

,
Angle of attack,

degrees a ILift c.c;=fficient Corre#d

/
L/m Moment mefii-

cient CX
Corrected angle
M attack, degrees

1–“t
+ 0.0709

.0524

.0523

.0562’

– 0.03
+3. 43

5.28
6.62

–6
–3
–1.5

+!. 5

4.5
6.
9

–o. 002
+: ;;;

.372

.465

.556

.656

.751

.929
L 106
1.237
1.268
1.236

– 0.000
–. 011
–. 010
–. 023

–6
–2. 90
–1. 35

+. 20
1.75
3.30
h. 85
6.40
9.50

12.60
15.67
18.68
21.67

.0633

.0719

.0839

.0971

.1295

7.34 –. 028
–. 029
‘–. o~~
-.051
–. 066
–. 087
–. 128
–. 200
–. 248

7.73
7.52
7, 74
7.17
6.48.1706

.2247 5.50

.3122 & OG

.4188 2.96

—,— —

TABLE }’111

Sperry Messenger.
U. S. A. 35-B wings.

Span=24 in. (61.0 em).
Chord =&8 in. (12.2 cm).

Av. tank pres. =1 atm. Aspect ratio= 5.
Av. dynamic pres. q= 28.7 kg/mZ. .4rea = 0.1377 m%.
.*v. Reynolds Number= 177,000. Date, April 13, 1926.
Av. temperature =20° C.

-——
Corr&ted

1
; Angle of attack, Ltit cee~lieien

I
degrees .X

I

LID. .

: -k

Moment eoe17i.
cient CM

-“i 37 +0. 095
+,94 059
~ ’41 ~ :064
4.54
5.46 I . :$;

6. Q’ .034
C3.5 .036
6.55 .007
6.42 .001
6.42 .024
6.11 .014
5:66 .017
493 –. 030
3, 51 I –. 062
2%Q I

. . I
–. 077

:+$. .:

Correeted finglt
)f attack, degree

–9
–6
–3
Al. 5

0

–o. 119
+. ;):

.330

.426

.519

.613

.706

.789

.876

.9’49

+ 0.0869
.0699
.0689

– 9.06
– 5.96
– 2.88
–1. 33

+.23
~ 1.78

3.33
4.87
6.42
7.97

I

.0727

.0781

.0856

.0965

.1078
,.1229
.1364
.1554
.1950
.2475
.3397
.4427

+1.5
3
4.5

“’
7.5
9 9.51

12.60
15.66
18.64
21.59

1.105

-.. —.———

1.220
1.193
1.101

1.



TESTS OF SPERRY MESSENGER MODEL WITH SIX SETS OF ~“GS

TABLE IX .

Sperry Messenger.
U. S. .4. 35-B w@.
A.v. tank mm. =20.2 ah.

Av. dyna&ic pres., ~= 628 kgjm~.
Av. Reynolds Xumber=3,410,000.
.-iv. temperature=3S0 C.

Span=24 in. (61-0 cm).
Ckord=4.8 in. (12.2 em).
Aspect ratio =5.
Area= 0.1377 mz.
Date, ApriI 13, 1926.

4rde0&ttyk,

—i.5
0

+1.5
3
4.5
6
i. 5

1:
15
1s
zi
22-5

Lift Co&iCient

–0. 115
+. 066

.254

.340
-433
-536
.629
-737
.809
. 90s

i %;
L 317
L 478
L 472
L 3s4

Cor&ed

+ O. 0512
.0444
.0462
.0510
.0575

0665
:0765
. 0S92
.1034
.1202
.1379
. 17s5
.2285
. 28S9
. 370s

L/D I
550 ;

–2. 25
+1.49 \

6-66
7.53 ,
8.06
8-22 ;
s-26
7.82 ,
7.55
7. 1s
6.46
5.76 ;
5.12 ~
3.97 ~

Mocg..jt &ffi-

+0- 066
.043
.073
. 03s
.026
-026
.017
-045
.003
.007

—. 007
–. 019
–. 037
—. 067
–. 066

-__-------_, -----___-_,-__________/

TABLE X

Sperry - - Span=24 in. (61.0 cm).
u. s. A Chord= 4.8 in. (12.2 cm).
.4v. tank pres. = 1 atm. Aspect ratio =5.
.%v. dynamic pres.., g=2S.S I@P. Area= 0.1377 m~.
Av. Reynolds h~umber= 175,000. l%te, April 16, 1926.
.Av. temperature= 22° C.

AIlgow&Gttk,

–9
–6
–3
–L5

o
+1.5

:5
6
7.5
9

12
15
18
21

Lift ox$cient

– 0.104
+. 06S

.229
- 32S
. 41s
.519
.600
. 6S7
.775
.858

i;%
L 228
L 27’7
L 242

Ccm&ed

+ 0.1093
.0777
.0711
.0727

LfD
i

.MO:&:t cocoeffk Corrected ongle
of atfaek, degrees

6.50 ~
6-20
5.74 I
5.25 !
4.2s :
3. 4P

–p& /

+: 017
—. 017
+. 017

I–.036
–. 019
–. 027
–. 012
–.014
—.007
–. 026
–. 031
–. 062
–. 099

–9. 06
—5. 96
—2. Ss
— L 32

+. 23
L 78
3.32
4.87
6- ~2

.7.96
9.50
12.5s
15.66
I& 69
21.67

._.-_—

—

—

.

1
,

1 -.
.-
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TABLE XI
Span= 24 in. (61.0 m@.
Chorci=4.8 in. (12.2 cni).
Aspect ratio =5.
.$rea=O.13’?7 mg.
Date, ApriI 16, 1926.

Sperry Messenger.
E. S. A. 27 wings.
Av. tank pres. =20.5 atm.
Av. dynamic pres., q= 649 kg/m2.
Av. Reynolds Number= 3,530,000.
.kv. temperature= 37° C.

miin;tcOcOem- : ormcted angle
If attack, degrees,

——-l
–9
–6
–3
– 1.

+;

4.
6
7.
9

12
15

–o.141
+. 032

.206

.307

.395

.489

.579

.674

.755
. . 849

1::::
1.258
1.401
1.404
1. 42s

–2. 64
_+. 69
,.-& *3
“z. 13
_ 7.12
-;;:

:8:10
-7.89

+ 0.037
.017

01s
.027
.009

5

5

5

5

.005
—. 005
+. 004
–. 017
–. 010
-.022

3.31 ‘
4.86
6.41
7.96 ~
9.50

12.59 !

7.72
7.36
.6 .64

– 5.93
5.22
4.00

i,_3. 67.

–. 024
–. 049
–. 064
–. 0S6
–. 122

15.6S !
18.76
21.76
23.27

18
21
22.5 .3891 II

TABLE XII

—

.
Sper:y Messenger.
G6ttmgen 387.
Av. tank pres. = 1 atw.
Av. dynamic pres., Q=28.5 kg/m2.
.Av. Reynolds Number= 172,000.
Av. temperature =26” C..

,---

,,
%;T2i.EiE:.6;$.;?klj#
Aspect ratio=ti.
Area= O.1377 m2.
Date, May 28, 1926.

—,
MomeM coefli- ‘ Corrected rmgle

cient C.w ~Matkwk,flegrees
I

r—— 9 _;z,

! --: –o. 021 + O. 0908
+=164 , 0764 : +2. 15

–3 , 339 .0801 ;
–1.5

.+$23
, 43+ .0859 L 5.05

0 .529 .0946 .5.59
+1.5 640 1062 & 03

9 “ 79<1 ‘ l?CR “6 911

I I
–O. 016

+. 005
–. 003
–. 019

.022

.057

.033

.016

.037

.042

+J, :: ~

–2: 82 ‘
—1. 27

;. :;

3:39
4.95
6.49
8.04
9. 5s

11.12
12.66
15.73
18.76
21.76

!

, ala

.904
999

1:074
1.142
1.216
1.352
L 416 !
1.404 ]

._&. .Lm

‘.”.5.92
;-3”.62
3.43
4.79
,i9Q

.035

.010

.012

.005
–. 013
–. 05021

I ‘ J



TESTS OF SPERRY KESSENGEE MODEL WITH SIX SETS OF WINGS

TABLE XIII

Sperry Messenger.
Giittingen 387 wings.
.Iv. tank pres. = 20.3 ah.
.4v. dynamic pres. g= 624 kg-mz.
Av. Reynokk Number =3,400,000.
Av. temperature=39° C.

Span=24 in. (61.0 cm).
Chord= 4.8 in. (12.2 cm).
.&pee: ~:g~;,

Date, Y!ay 10, lb26.

1Ar@e of attack,
I degrws a

–9
–6

I +L5
3
45

1 6
7. 5

1;
15
1s

Lift co$eient

+0.041
.228
.404
.497
.594
.687
.772
.865

i !2:
L 124
L 282
L 362
L 350

Corrected

~ O. 0523
.0526
.0609
.0585
. 0i78
. 0s91
.1010
.1176
.1337
.1521
.1735
.2185
.2856
.3593

LfD

-&O.7s
4.33
6.63
7.26
7.64
7.71
7. 64
7.36
7.16
6.84
6-47
5.87
4.77
3.76

+0. 029
.019
.018
.012

–. 002
–. 006
–. 017
–. 023
–. 044
–- 050
–. 059
–. 096
—. 182
—. 227

!orrected engle
[attack, degrees

–8. 98
–5. 88
—2. 78
—L 23

+. 32
L 87
3.42
4.97
6.52
8.06
9.61.

12.69
Hi. 73
la 73

T.4BLE XIV

Sperry Messenger. Span=24 in. (61.0 em).
R. A. 3’. 15 wings. Chord= 4.8 in. (12.2 cm)
-iv. tank pres. = 1 atm. Aspect ratio =5.
.41’. dynarnk pres., ~= 27.0 &g/m%. .&rea=O.1377 mz.
Av. Rev-noIds Number= 160,000. Date, rune 15, 1926.
A_v.tetiperature = 53° C= ‘

Anpef~t&k

I :;

–3
–1. 5

+!. 5
3
45
6

I 7.5
1

. 1;

I

LiftCz&rimtI cGm&d I L/D Moment &-
eient CX

–O. 281
I
+ 0.1003

I
– 2.80 I –O. 036

—. 110 .0700 — L 57 —. 004
+. 076

.116

.2(3

.360

.446

.543

.926

. j14
- /94

1::2:
L 051
L 010

.0607

.0618

.0637
0691

:0788
.0867
.0991
= 1117
.1278
.1662
.2530
.3523
.4643

+ L 25
2.85
4.28
5.21
5.66
6-26
6.32
6.39
6.21
5. 6S
4.13
2. 9s
2.18

+. 018
.004

—. 017
–. 026
–. 021
–. 044
–. 064
–. 066
—. 109
—. 116
—. 156
–. 105
—. 145

L

Corrected anQe
iattack, dege=

–9- 15
–6. 06
–2. 96
–L41

+. 15
L 69
3- ~~
4.79
6.34
7. S8
9.43

12.51
15.56
l& 57
21.5$

297
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TABLE XV

Sperry Messenger.
R. A.F. Mwings.
Av. tank pres. =20.2 atm.
Av. dynamic pres., Q=600 kg/m2.
Av. Reynolds Number= 3,220,000.
Av. temperature=47° C.

span=24 in. (61.0 cm).
Chord= 4.8 in. {12.2 cm).
Aspect ratio=5.’
Area= 0.1377 mi.
D%e, June 15, 1926.

LID

‘- 1

Moeyerntt ~;m- Correctedangle
of att%ck, degrees

——

–1. 75
+2. 4’1

.455
“q. 37
7.50
8.15

-$38
K 29
8.12
7.77
6.82
5.53
4.47
‘3. 20

– O. 006
–. 007
–. 013
–. 008
–. 018
–. 024
–. 024
–. 022
–. 032
–. 034
–. 058
–. 072
–. 110
–. 051

– 6.04
—2. 95
– 1.40

+. 15
1.71

2’
–1.5

+:. 5

4.5
6
7.5

1:

– O. 078
+. 096

.187

.286

.381

.470

.572

.662

.751

1: %;

+ 0.0445
.0399
.0411
.0449
.0508
.0577
.0683
.0798

3.25
481
& 36
7.91
9.45

12.54
15.62
1S 62
21.61

.0925

.1079

.1478

.2071

.2573I 1.146
1.151
1.135

15

H I .3545
—

TABLE XVI

?lEiyY%a-
Av. tank pres. = 1 atm.
.4v. dynamic pres., g=28.O kg/m2.
Av, Reynolds Number= 169,000.
.4v. temperature= 27° C.

Span=24 in. (61.0 cm].
Chord=4.S in. (12.2 em).
Aspect ratio =5.
Area= 0.1377 m2.
Date, June 11, 1926.

Angie of attack,
degrees a

Corrected angle
]f attack, degre=

Lift cMJcfent Gm&ed

+0: rl:l}

.0682

.0730

.0815

.0910

.1029

: %
.1454
.1641
.2070
.2597
.3530
.4593

-0.76
1.60

– 0.054
+, 105

.289

.392

“ :%:
.668
.740
.836
.916
.983

– 0.035
–. 009
–. 036
–. 038
–. 037
–. 037
–, 027
–. 041
–. 020
–. 030
–. 002
–. 088
–. 140
—. 179
–. 111

– 9.03
– 5. w
– 2.84
– 1.29

–9

a
–1.5

o

.4.24
g. 37
5. g6
6.35
6.49
6.50
6.46
6.30
5.99
5.52
4.72

.3.32
2.36

y;

3:36
‘L 90
6.45
7.99
9.53

12.62
15.66
18.63
21.58

+$5

4.5
6
7.5

1;

~ :“”

1.142
1.226
1.172
1.086

.

, -—.
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TESTS OF SPERRY MXSSEXGER MODEL WITH

TABLE XVII
Sperry Messenger.
C1ark Y wings.
Av. tank pres. =20 atm.
Av. dynamic pres., g=623 kg/m%.
Av. Reynolds Number= 3,350,000.
.4v. temperature=42° C.

\ Angie of attack, Lift cm$cient

I

Corm:ted

I degrws.
~

I I 1
l--

–9
–6
–3
–1.5

+:. 5
3
45
6
7.5

1:
15

H

– O. 0S8 [ +0. 0465
+. ;(3; I - .0431

. 04s1
:375 . 052S
.474 .0608
.566 .0703
.:47 .0797
. (44 0937
.835 :1091

1259
1:%; : 1438
L 177 . 18s4
L 328 -2400”
1.450 .2974
1.344 .4030

SIX SETS OF WINGS -

~Pan=24 b. (61.o em)-
Chord= 4.8 in. (12.2 cm).
Aspect ratio =5.
Area= 0.1377 ms.
Date, June 11, 1926.

—

–1. 89
2.39
5.82
7. 10
7.79
8.05
8.12
7.94
7.66
7.35
7.02
6.25
5.54
487
3.33

TABLE XVIH

SUMMART OF DATA.

It
I

–o. 01’7
+. 001
–. 001
–.002
–. 012
–. 017
–. 015
–. 023
—. 026
—. 035
–. 030
–. 054
–. 068
—. 08S
–. 144

—9. 05
–5. 94
–2. 85
– L 30
+. 26

L 81
3.35
4.90
6.45
8.00
9.54

12.63
15. 7Z?
L% 78
2L 73

Airfoil section

173, 000U.S. A. 5 tithOut prope~er--~{ 2].3
3, 390, 000

U. S. A. 35-B.--------J{ ~o. ~
177, 000

3,410, 000

U. S. A. 27---_____ {___{ ~;. ~
175, 000

1( 1 3, 530, 000

Gottingen 387_____________ ~ Z. s 172, 000
3,400,000

R. A. F. lo--_--= __--_ ---_{ ~
160,000

20.2 3,220, 000

Clark Y.--------___-------l{ z:. ~ 169,000
3,350, 000

CL DISX.

L 194
L 279
L 220
1.490
1.277
L 428
1.416
1.362
L 051
L 151
1.226
L 450

TABLE XIX

Ratio
CL UISX.CD Ldll. _ Max. L/D
CD UdI1. , I

I I 1

0-0702
.04’76
. 06S9

0440
:0706
.0460
.0764
.0515
.0607
.0399
.0657
.0431

16.7
26.9
17.7

, 1 —.

ORDER OF MERIT OF AIRFOILS

From Sperry3fe.wnger tests
,

O:jer 1
CL~. [CD DliI1. Max. LfD

:~ ‘“m

I

1 ah. m ?Jtm.

Clark Y--_.. _-_.. _.. U. S. A. 35-B ----- u. S.A. 5--------- R. A. F. 15.
; Gtitt. 387_________ Clark Y----------- -0. s. A. 2i_______ U. S. A. 5.
3 u. s. A. 2i_______ u. s. A. 27-------- U- S. A. 35-B ----- U. S- A. 35-B.
4 i U. s. A. 35-B _____ R. .& F. 15------- Clark Y---------- CIark Y.
5 R. A. F. 15_______ u. s. A.. 5-------- G6tt. 387--------- II. S. A. 27.
6 u. s. -4. 5________ Cwt. 3s7---------- R. A. F. 15------- G5tt- 387.

1

From afrfoiltests

~:2 CL=.[CD DliU., lki. ~D

1 atm. m atm. 1atm. m atm.

l— R. A. F. 15-------1 ‘D.S. A.. 35-B ----- Clark I“__________ R. A. F. 15.
; Clark Y__________ R. A- F. 15_.. _____ U. S. A. 5_________ U. S. A. 5.

u. s. .4. 5________ Clark Y--------- R. A. F. 15------- CIark 1’.
: Il. S. .4. 27_______ u.s. A. 27-------- 12.S. A. 27------- u. s. -k 27.
5 U. S. A. 35-B _____ Gtitt. 3S7_________ U. S. A. 35-B _____ U. S. A. 35-B.
6 . G5tt. 3s7_________ T?. S. A. 5________ G6tt. 3S7_________ GM. 3s7.

. -

-—

.. .-

—
.. ..
. .

—
.-—

.-

.-—

..—

,..—.=
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TABLE XX

ORDINATES OF SECTIONS

““Id
u. s. A. 35-B U. S. .<.27

Upper

‘“’”s “e’

o
L 25
2.5

0.73
2.10
3.03
4.40

0.33

. i:

.03”

: %
L 10
1.55
2.02
2.17
L 96
1.55
L 16
.76
.55
.35
.00

2.76 ~
5. 15 !
6.10 ‘*’
7.53
8.65
9,47. [

10.57
11.28 I
11.74
11.37
10.29

8.86
?.08
& 02 I
2.76 ~
1.52 .J.,28 . ..

I

2.76
L 03
.61
.27

.:$

.::

.;:

.41

.ii

.37

.21

.12
,.OO=

L 77
3.80
5. 07
6.93
8.22
9.17

10.50
11.33
11.90

t
1.77
.50
.33
.17
.10

[

;. 5
10

i;
30
40
50

!:
80
90
95

100

5.40
6.20
7.16
7.92
8.30

I

1

I
2.52
L 50
.50

2.00
“.67

—.I -..
.=. .

CWtt. 387 R. A

upper -,.:

:0.20:
1.90 ,
.2.80
3. 90.>
,+ 60
5.05”’
5.58
5.76
5.80

. 5.58
5.17
468.
4.07
3.28
2.24
L 63
.30

~.15

Lower

Clark Y

Upper I Lm,rer

1

Upper

3.50
5.45
6.50
7.90

I 3.50
L 93
1.47
.93

0
L 25
2.5

3.61
6.74
7.98
9.87

3.61
L 35
.81
.36
. M

. ;:

. %

.38

.54

.2:

. x

. %

Q 20
–. 45
–. 73
–. 905

– 1.00
–L 00
–. 80
–. 50
–. 10
–. 05
–. .28

30
40
50

%
80

%

–. 47
–. 62
–. 67
–. 35
–. 20
+.30

9.15
7.35
5.22
2.80
L 49

100 .37 .12


